Abstract The camellia root-knot nematode Meloidogyne camelliae was detected in Italy parasitizing roots of Japanese camellia (Camellia sasanqua) flowering bonsai trees imported from Japan, and it represents a new record for Europe. Morphology and morphometrical traits analysis of the intercepted population of M. camelliae were in agreement with those of the original description of the species, except for some minor differences in second-stage juvenile stylet length and c ratio, spicules and gubernaculum in males, which may be a result of intraspecific variability. Integrative molecular data for this species were obtained using D2-D3 expansion segments of 28S rDNA, ITS1-rDNA, and the protein-coding mitochondrial gene COI. The phylogenetic relationships of this species with other representatives of Meloidogyne spp. using D2-D3 expansion segments and ITS1 indicated that M. camelliae clustered together with M. artiellia and M. baetica. Histological observations of C. sasanqua feeder roots infected by M. camelliae reveal slight swellings of the root feeding sites, and most egg-laying females protruding from the root. The anatomical alterations at feeding sites consist of 3-8 hypertrophied, polinucleate giant cells/female, but no hyperplasia was induced unlike what commonly occurs for most members of the genus.
may be a particularly hazardous pathway if a pest accompanies its host planted into a new habitat (McCullough et al. 2006) . The camellias comprise a genus of about 250 species of East Asian evergreen shrubs and trees belonging to the family Theaceae Mirbel. Some Camellia spp. have considerable economic value by the production of tea [Camellia sinensis (L.) Kuntze] while other species, i.e. the common camellia (Camellia japonica Wall.) or Japanese camellia (Camellia sasanqua Thunb.), are of great ornamental and decorative value, and have been described as suitable hosts for root-knot nematodes (Benson and Barker 1985) . Plant-parasitic nematodes induce severe damage to woody ornamentals and other crops, the most common symptoms being general stunting, low vigour, chlorosis, necrosis, defoliation, and twig dieback (Benson and Barker 1985) that make its detection by visual inspection difficult.
The camellia root-knot nematode Meloidogyne camelliae was first described on common camellia plants intercepted by officials of the Unites States Department of Agriculture (Golden 1979) . This nematode was found later on cultivars of common and Japanese camellias in the native land of the nematode, Sagamihara, Kanagawa, in Japan (Aihara et al. 1981) . Meloidogyne camelliae is morphologically distinguishable from other Meloidogyne species, especially by its striking perineal pattern having a heavy rope like striae forming a squarish to rectangular outline with shoulders or projections, appearing sometimes almost star-like. However, limited morphological data are available in the nematological literature of this species (Golden 1979; Orui 1998) , and little information exists on the host-parasite relationships between this nematode species and its host-plants. Molecular data for a population of this species detected in China were recently deposited in GenBank (JX912884-JX912887); but the phylogenetic relationship of M. camelliae with other species of Meloidogyne was not determined.
During the spring of 2013, severe feeder root infections of Japanese camellia bonsai plants imported from Saitana area (Japan) were intercepted by the Italian Phytosanitary Control Service of Tuscany region. The soil was heavily infested [146 eggs+second stage juveniles (J 2 )/ml of soil] by Meloidogyne sp. suggesting a highly specialised nematode-plant interaction. Therefore, the objectives of the present study were: (i) to provide an accurate identification of the intercepted nematode species by a molecular characterization using the D2-D3 expansion segments of 28S rDNA, ITS1 rDNA, and cytochrome oxidase c subunit 1 (COI) gene sequences; (ii) to explore the phylogenetic relationships of this root-knot nematode population within Meloidogyne spp.; and (iii) to compare the host-parasite relationships of this root-knot nematode on Japanese camellia plants with those reported in literature for other Meloidogyne species.
Nematodes were extracted from soil by the magnesium sulphate (MgSO 4 ) centrifugal flotation method (Coolen 1979) , and from infected root tissues. Females dissected from the roots, males and second stage juveniles were processed and mounted in glycerine for diagnostic studies.
DNA extraction and PCR assays were conducted as described by Castillo et al. (2003) . The D2-D3 expansion segments of 28S rDNA was amplified using the D2A (5′-ACAAGTACCGTGAGGGAAAGTTG-3′) and D3B (5′-TCGGAAGGAACCAGCTACTA-3′) primers (Castillo et al. 2003) . The ITS1 region was amplified using forward primer S-ITS1 (5′-TTGATTACGTCCCT GCCCTTT-3′) and reverse primer Vrain2R (5′-TTTCAC TCGCCGTTACTAAGGGAATC-3′) as described in Vrain et al. (1992) . Finally, the portion of the COI gene was amplified as described by Derycke et al. (2005) using forward primer JB3 (5′-TTTTTTGGGCATCCTGAGGT TTAT-3′) and reverse primer JB4 (5′-TAAAGAAAGA ACATAATGAAAATG-3′).
PCR products were purified, quantified and used for direct sequencing as described by Vovlas et al. (2013) . The newly obtained sequences were submitted to the GenBank database under accession numbers KF542869-KF542874. D2-D3, ITS1 rDNA and sequences of different Meloidogyne spp. from GenBank were used for phylogenetic reconstruction with Xiphinema index used as outgroup taxa. The newly obtained and published sequences for each gene were aligned using MAFFT (Katoh et al. 2002) with default parameters. Sequence alignments were manually edited using BioEdit (Hall 1999) . Phylogenetic analyses of the sequence data sets were performed as described by Vovlas et al. (2013) . BI analysis for D2-D3 and ITS1 rDNA regions under the GTR+G models, were initiated with a random starting tree and run with the four Metropolis-coupled Markov chain Monte Carlo (MCMC) for 1×10 6 generations, and 2×10 6 generations, respectively. The MCMC were sampled at intervals of 100 generations. Two runs were performed for each analysis. After discarding burn-in samples and evaluating convergence, the remaining samples were retained for further analyses. The topologies were used to generate a 50 % majority rule consensus tree. Posterior probabilities (PP) are given on appropriate clades. Trees were visualised using TreeView (Page 1996) . In ML analysis, the estimation of the support for each node was obtained by bootstrap analysis with 100 replicates and fast step search.
Camellia bonsai plants infected by the nematode showed a severe decline with a few distorted and heavily damaged roots (Fig. 1a) . Infected roots selected for histopathological studies, embedded in paraffin and Abbreviations used: gc giant cells; hn hypertrophic nucleus; n nematode; x xylem. (Scale bars are in μm) Fig. 2 Phylogenetic relationships within the genus Meloidogyne. Bayesian 50 % majority rule consensus trees as inferred from D2-D3 expansion segments of 28S and ITS rRNA gene sequence alignment under the GTR+G model. Posterior probabilities more than 65 % are given for appropriate clades (in bold letters); bootstrap values greater than 50 % are given on appropriate clades in ML analysis. Newly obtained sequences in this study are in bold stained with safranin and fast green (Johansen 1940) showed little or no gall formation, and population density ranged from 948 to 3,920 eggs and J 2 /g of infected fresh root.
The M. camelliae population intercepted from camellia bonsai plants agrees fairly well with the original description, except for a larger stylet in J2, and shorter c ratio, spicules and gubernaculum in males, which may be a result of the small number of specimens studied in the original description or intraspecific variability (Golden 1979) .
The amplification of D2-D3 expansion segments of 28S rDNA, ITS1, and the partial COI regions yielded a single fragment of approximately 700 bp, 750 bp, and 400 bp, respectively, based on gel electrophoresis. D2-D3 expansion segments of 28S rDNA of M. camelliae (KF542869, KF542870) and ITS1 (KF542871, KF542872) matched well (99 % similarity) with the sequences of the M. camelliae deposited in GenBank (JX912886 and JX912885, respectively). The partial COI sequences were obtained for the first time for this species in this study (KF542873, KF542874) and were 85 % similar to Meloidogyne hapla (AY268113), 384/450 identities and 11 gaps (2 %, 11/450); and 85 % similar to Meloidogyne incognita (JX683700), 372/439 identities and 11 gaps (2 %, 11/439). No intraspecific variation was found for this gene.
The 50 % D2-D3 majority rule consensus BI and ML trees of Meloidogyne spp. showed three low to high supported major clades (Fig. 2) , with M. camelliae included in a well supported clade together with M. ichinoei, M. artiellia and M. baetica.
The 50 % ITS1 rDNA majority rule consensus BI and ML trees showed four major clades (Fig. 2) Comparative histological observation of healthy and M. camelliae-infected camellia roots (Fig. 1) showed cellular alterations in tissues of the cortex, endodermis and pericycle, but the greater damage was caused in the vascular system. In the permanent feeding sites, there was nematode-induced formation of large multinucleate giant cells (three to six giant cells), adjacent to the vascular tissues. Giant cells showed dense cytoplasm and a small number (4-6) of hypertrophied nuclei and nucleoli.
The interception of M. camelliae in camellia bonsai plants intended to the Italian market further confirms the need for implementation of exclusion and certification programs aiming to produce nematode-free bonsai plants for export to national and international markets.
In summary, the present study by extending the molecular characterization of the camellia rootknot nematode M. camelliae, provides additional molecular markers (partial COI) for precise and unequivocal diagnosis of this species and elucidates phylogenetic relationships with other Meloidogyne spp., which may help for effective quarantine inspection and appropriate application of exclusion principles.
